This work evaluates the application of Quasi-Monocrystalline silicon (QM-Si) wafers on the conventional structure of silicon solar cells textured by an alkaline solution to generate random pyramids. Although most areas of QM-Si wafers are <100> orientated by using a seeded-grown and directional-solidification process, there are still some none-<100> orientated areas randomly distributed on the wafers. These areas stay more planar, featuring worse reflectance and light trapping. Furthermore, series resistance (R s ) mapping on the final cells shows that these areas also have a higher local R s . Our experiments and analysis show that the higher local R s is mainly due to the poor Ag/Si contacts according to the results of our TLM measurement. Such higher local R s values have led to only 76.3% fill factor and 17.1% efficiency performance of 500 cells on average. Further detailed investigations show that the local R s , or local contact resistance, depends greatly on the surface roughness for screen printed cells, which implies that to take advantage of better quality of the QM-Si wafers, silver paste needs to be improved to form good contacts on both textured and planar silicon surface, when these wafers are textured with a random-pyramid alkaline process.
Introduction
Quasi-monocrystalline (QM) silicon wafers have entered the PV industry recently and become a current topic for many research institutes [1] [2] . In addition to fewer grain boundaries and higher carrier lifetime, another major advantage for QM-Si wafers is the application of the random pyramid texture using alkaline solution, which greatly improves the light trapping compared to traditional isotropic texturing. However, due to the side growth effect close to the crucible walls [3] or between the two seed areas, there are still some multicrystalline areas that don't have <100> orientations. After alkaline texturing, such areas may become "polished" planar or variably tilted pyramids with <111> orientations facing upward, which lead to higher reflectivity.
While the optical properties [4] and the dislocation properties from bottom to top of QM-Si wafers (ingots) have been studied [3] , few investigations have been reported on the local electrical properties of QM-Si cells. In this work, special attention is paid to the characterization of the local series resistance of QM-Si cells. The high local contact resistance has resulted in low fill factor and overall cell performance. Finally, the influence of surface roughness on local series resistance has been characterized on several samples.
Experiment
The 500 pcs QM-Si wafers which have a resistivity of 1.5 Ohm.cm, an initial thickness of 180 μm and a dimension of 15.6 15.6 cm 2 were used in the experiment. The as-cut wafers received a standard KOH/IPA alkaline texturization process for 25 mins at 80°C, and then a POCl 3 tube diffusion to form an averaged 68 Ohm/sq sheet resistance emitter, followed by wet chemical etching for edge isolation, PECVD SiN x at the front, screen printing on both sides and co-firing. Note that all these wafers came from the same ingot and share almost the same percentage of none <100> orientation areas. The percentage of such wafers in the whole ingot is about 40%. Another 500 pcs cells were fabricated by the same cell process except that they were made on normal multicrystalline silicon (mc-Si) wafers and an isotropic etching replaced the standard alkaline texturing step. As shown in Table I , the main improvement for QM-Si cells is J sc , which increased from 34.6 to 36.2 mA/cm 2 . However, the fill factor drops from 77.9% to 76.3%, due to the increased R s from 0.735 Ohm.cm 2 to 1.04 Ohm.cm 2 . In average, the final efficiency for QM-Si cells only presents a 0.5% absolute gain and is still much lower than the mono-crystalline solar cell level. To find out the cause for higher R s , reflectivity and series resistance mapping obtained from luminescence imaging [5] were measured on a typical QM-Si cell, as shown in Fig.1 . The bright areas in R s mapping fit quite well the planar areas in reflectivity mapping, which means that the "planar" surface may suffer from contact problems for screen printed cells. To find a more direct support for this, a simplified TLM measurement was made on the laser-cut regions A and B in Fig.1 (b) , with the results shown in Fig.2 (b) . In this case the measured contact resistance at the planar surface (region A) is about 4 times larger than that at the pyramidal surface (region B), while the apparent sheet resistance is lower for the "planar" areas than for the well-textured areas. 
Results and discussions

cells' performance
Doping profiles
To investigate the reasons for poor contact at the planar surface, we first check the difference of doping profiles at rough and planar surface, since variations in the surface doping concentration (N s ) may be a reason for high contact resistance as well. For N s > 1e19 cm -3 , the specific contact resistance is strongly dependent on the surface doping concentration and given by [ A sheet resistance and the mobility model of Klaassen [7] . As shown in Fig.3 , although the planar surface regions have a slightly higher sheet resistance than that on pyramidal surface regions, they share nearly the same profile and same N s at around 6e20 cm -3 , which implies that the high local contact resistances are not caused by a variation of N s . 
Surface roughness
To quantify the dependence of local series resistance on surface roughness, several multi-crystalline wafers have been textured by KOH/IPA solution and followed by the processes outlined above. The surface area roughness (S a ) was measured using 3D microscope, while the corresponding local R s was extracted from R s mapping. As shown in Fig.4 , the local R s increases when the surface roughness decreases. 
Conclusion
The high local series resistance on planar surface areas of quasi-monocrystalline silicon solar cells have been characterized and analyzed. It is found that the high local series resistance was due to an increase of the contact resistance for the planar areas compared to the well-textured areas. Such local high R s effect has led to a very modest increase in efficiency when compared to normal mc-Si solar cells, from 16.6% to17.1%, due to an actual reduction in fill factor from 77.9% to 76.3%. The contact resistance depends greatly on the surface roughness for screen printed cells, which implies that to take the advantage of the better quality of the QM-Si wafers, silver paste needs to be improved to form good contacts on both textured and planar silicon surface.
